When nuclei of strain approach the interface of two materials, the displacement fields may not be unique and may depend on the direction from which the interface is approached. For example, the displacement fields of a center of dilatation at the interface of two materials are not unique and depend on the direction of approach to the interface. To avoid misunderstanding, it can be stressed that each of the two fields is continuous at the interface. In this paper, we show that there are 12 independent displacement functions of second-order singularities uniquely defined at an interface. The limits of all other nuclei of strain at the interface are linear combinations of these 12 independent displacement functions.
I. Introduction.
The Kelvin solution for the stress field of a point force in a threedimensional infinite isotropic solid gives a fundamental result in the linear theory of elasticity. By differentiation of this solution, a family of nuclei of strain or force doublets can be obtained. The Galerkin vectors for the complete set of 40 physically significant nuclei of strain in the half-space were given by Mindlin and Cheng (1950) . By using Papkovitch functions, Rongved (1955) gave the elastic solutions for a point force in joined half-spaces of different elastic properties for the case when the half-spaces are perfectly bonded to each other. Dundurs and Hetenyi (1965) derived the analogous solutions for a sliding contact interface. In 1987, Vijayakumar and Cormack presented a comprehensive formulation of Green's functions for biharmonic equations with respect to perfectly bonded, bimaterial, linear, isotropic, elastic media. They also presented the fundamental solutions for bimaterial elastic media with sliding interface by using the nuclei of strain method. Yu and Sanday (1991) presented the elastic solutions for the complete set of 40 physically significant nuclei of strain in two joined elastic half-spaces of different elastic properties. One year later, Carvalho and Curran (1992) provided twodimensional plane-strain fundamental solutions for elastic bimaterials using the nuclei of strain method. The method is a reduction of the three-dimensional approach previously derived by Vijayakumar and Cormack.
We verified here that when the nuclei of strain approach the interface of two materials, the elastic solutions may not be unique: the limits of the stress fields when the nuclei of strain approach the interface either from one material or from the other material may be different. Of course, each one of them has continuous tractions at the interface. For example, the displacement field (continuous at the interface) of a center of dilatation is not unique as the center of dilatation approaches the interface, and it depends on the direction of approach. So it is important to find the fields that are unique at the interface.
In two dimensions, Markenscoff and Dundurs have already found four independent fields that are uniquely defined at the interface between two half-spaces (Markenscoff, Dundurs, and Ye, 1992) . They are two force doublet fields and two dislocation-dipole fields. All the other limits of second-order singular fields (in the stress) as they approach the interface are linear combinations of these four fields.
When Yu and Sanday (1991) presented the fields of the nuclei of strain in two joint half-spaces, they did not consider the limits when they approach the interface. Here, the displacement fields for nuclei of strain applied at the interface of two perfectly joined elastic half-spaces of different elastic properties are presented. The method for obtaining the uniquely defined nuclei of strain at the interface consists of considering the displacement fields due to the forces Px, Py, Pz applied at the interface, which are unique, and taking their derivatives gj, on the plane of the interface. Because of additional symmetries among these displacement gradients, the number of the independent displacement functions of the nuclei of strain is 12. We have thus obtained 12 independent displacement functions that are uniquely defined at the interface. The limits of all other displacement fields due to nuclei of strain approaching the interface from either side are observed to be linear combinations of these 12 independent displacement functions.
II. Uniquely defined nuclei of strain at a 3-D interface.
In two dimensions the uniquely determined second-order fields at an interface have been obtained by Markenscoff, Dundurs, and Ye (1992) by considering the concentrated forces Px, Py which give unique stress fields, and taking derivatives along the interface axis.
For three dimensions, we proceed to obtain the uniquely determined nuclei of strain at an interface by an analogous approach.
We start by considering the concentrated forces Px, Py, Pz at an interface (R.ongved, 1955) which give unique fields for a bonded interface. (We may note that for a slipping interface these are not unique but depend on the direction of approach (Dundurs and Hetenyi, 1965) .)
There are three concentrated forces Px, Py, Pz that are first-order singular fields in the displacement uniquely defined at the interface of two materials in three dimensions (see Fig. 1 ). By taking the derivatives of the displacement fields due to the forces Px, Py, Pz with x, y, z, the second-order singularities in the displacement (force doublets) are obtained. Among all these force doublets, those that are obtained by taking the derivatives of the displacement fields due to the forces Px, Py, Pz with respect to z (the axis perpendicular to the interface plane) are not uniquely defined at the interface. The limits of these force doublets approaching the interface from materials I and II are different. However, the ones that are obtained by taking the derivatives along the interface, i.e., the derivatives -g-, are uniquely defined at the interface of two materials. Thus we y X Fig. 1 . A center of dilatation applied at the interface of two materials obtain six displacement fields that are uniquely defined at the interface. Since for every displacement field there are three displacement components, therefore in total there exist 18 uniquely defined displacement components. However, these displacement components are not independent since the following relationships hold between the gradients of the displacement:
The first four are due to Betti's reciprocity relations; the last two are properties of the point force solutions. Thus the 18 displacement functions reduce to 12 independent displacement functions that are uniquely defined at the interface of two materials.
In order to obtain them we proceed by differentiating in x and y the displacement fields due to the forces Px. Py, Pz III. Doublets of forces at an interface. The limits of all force doublets approaching an interface from either side have been obtained in (Ye, 1992 ). We will show here that all the limits of these doublets as they approach the interface can be presented as a linear combination of the previously obtained 12 independent displacement functions (2), and hence (3).
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